Leishmania mexicana promastigote and intracellular amastigote growths were inhibited by the water-soluble furan-2-carboxamide issued from the pharmacophore 2-amino-4,6-dimethylpyridine with IC50 values of 69 ± 2 and 89 ± 9 μM, respectively. This compound was also tested against established L. mexicana infection in susceptible BALB/c mice; an intraperitoneal administration of 10 mg/Kg/day during five consecutive days induced a high teduction in the amastigote burden of the poplitea lymph node (81 ± 6.4 %), the spleen (80 ± 1.6 %) and the liver (73 ± 9 %). Approach of the mechanism of antileishmanial activity of this compound, assessed by the flow cytometry, showed a reduction in the protein and DNA synthesis. Finally, an actual increase of the in vitro antileishmanial activity was obtained by replacement of the amidic function by an imidazolidin-2-one moiety. In this new seties, two of the N-substitued derivatives showed IC50 values of 1 3 ± 0.5 and 7 ± 3 μM in intracellular amastigotes constituting new promising compounds for further studies.
EXPERIMENTAL METHODS AND RESULTS
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Furan-2-carboxamide (I) 69 ± 2 60 ± 1 89 ± 9 Imidazolidinones (II) / 42 ± 7 > 100 88 ± 0.2 2 32 ± 3 > 100 13 ± 0.5 3 53 ± 4 35.5 ± 0.4 > 100 4 36 ± 2 29.3 ± 0.7 7 ± 3 Meglumine antimoniate 11750 ± 1.3 ND 133 ± 23 Table I . -In vitro activities of 2-amino-4,6-dimethylpyridine deriva tives (I and II) against Leishmania promastigotes and intracellular amastigotes (IC, 0 pM).
proliferative effect was determined by a modified colorimetric method based on the conversion of the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2/-/ tetrazolium bro mide (Le Pape et al., 1999). The activity against the intracellular stage of the parasite was determined in BALB/c mice peritoneal macrophages. Cultures of 10 6 macrophages were challenged for 24 h with stationary promastigotes at 3~~ C and S % CO,. Cytotoxicity was determined by exposing infected macrophages to the studied molecules for 96 hours (Katiyar et al, 1992) . In this study, the furan-2-carboxamide (I) issued from the 2-amino-4,6-dimethylpyridine afforded the follo wing IC S0 values: 69 ± 2 and 89 ± 9 uM, respectively, for L. mexicana promastigotes and intracellular amas tigotes (Table I) . Its activity against intracellular stage was comparable to that of the meglumine antimoniate (Specia Rhone-Poulenc) (IC,,,: 133 ± 23 uM). In the imidazolidin-2-one series, the two most potent derivatives against L. mexicana promastigotes, were the N 3 -(2-bromobenzyl) (2) and tolylsulfonyl (4) derivatives with IC 50 values of 32 ± 3 and 36 ± 2 uM, respectively. The high activity of compound 4 was maintained against L. infantum promastigotes. Contrary to most studied compounds, the activity spectntm of these two imidazolidin-2-one derivatives elicited higher activity against the intracellular stage, the only one found in the mammalian host, with IC 50 values of 13 ± 0.5 and 7 ± 3 pM, respectively. Both derivatives 2 and 4 were 10-and 20-fold more active than the standard drug against intracellular amastigotes. Moreover, toxicity assessment towards a human lung cell line (MRC-5) showed an IC 50 value superior to 300 pM for the furan-2-carboxamide. All the imidazolidin-2-one deri vatives exhibited MRC-5 IC 50 values superior to 100 pM, except for compound 1 (IC, 0 : 31 pM).
FLOW CYTOMETRY
The effects of furan-2-carboxamide derivative on the intracellular metabolism of L. mexicana promasti- gotes were estimated by determining cell cycle and total protein contents and compared to those of pen tamidine and allopurinol (Crissman et al., 1985) . Pro mastigotes exposed to this compound were fixed with 70 % methanol, centrifuged at 600 g and sus pended in 1 ml RNase solution (50 pg/ml in PBS) at 37° C for 30 min. DNA and total protein content was stained by propidium iodide (200 pg/ml) and fluo rescein isothiocyanate (FITC: 1 pg/ml), respectively. The functional parameters reflecting parasite meta bolism were quantified by the average intensity of red (DNA content) or green fluorescence (protein content) observed for each distribution (Azas et al., 1997).
Concerning the cellular metabolism, furan-2-carboxamide was shown to cause a weak decrease of pro tein synthesis in comparison with that of allopurinol, a purine analog inhibitor of RNA. Likewise, the kinetic study of the DNA synthesis and the cellular cycle indi cated a small reduction in the S cell stage percentage, by contrast to pentamidine, a powerful inhibitor of polyamine synthesis that blocks the parasite at the G0-Gl phase (Fig. 1) .
IN VIVO ANTILEISHMAMAL ACTIVITY
BALB/c mice were challenged intradermically with 5xl0 6 stationary promastigotes. One month after infec-
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Note de recherche Parasite, 2002, 9, 367-370 Relative fluorescence intensity tion, treated mice were dosed intraperitonealy once a day with 10 mg kg of body weight with furan-2-carboxamide and the controls received 0.9 % saline solu tion, both for five consecutive days. Twenty days after completion of drug administration, mice were sacrificed. The assessement of the amastigote burden was carried out with MGG-stained smears prepared from liver, spleen and poplitea lymph node tissues. The percent efficacy was calculated as mean amasti gote load in treated mice/mean amastigote load in control (Croft et al, 1987) . The resolution of the infec tion was also followed by measuring the thickness of the infected footpad with a dial caliper (Hill et al, 1983) . During the development of the primary infec tion in BALB/c mice, the increase in lesion size was progressive, inducing extensive swelling before treat ment which started on the 4 th week after infection. Ten days after treatment completion, stabilization and tran sitory decrease in the footpad swelling was observed. Thereafter, their primary swelling progression was parallel to that observed in controls, although control mice lesions progressed to local tissue necrosis and in one case limb mutilation. However, an important decrease in parasitic charge with inhibitory percentage values of 72.7 ± 9.9 in liver, 80.2 ± 1.6 in spleen, and 81.1 ± 6.4 % in polplitea lymph node was shown (Fig. 2) . No wasting due to infection was detected during the course of the disease in L. mexicanainfected BALB/c mice. A"T"ihe level of antileishmanial activity of the 2-amino-4,6-dimethylpyridine derivatives was JL remarkably enhanced by the replacement of the amidic function by the imidazolidin-2-one ring II (deri vatives 1-4). The non toxicity and hydrosolubility of compound I, have prompted us to carry out in vivo studies. As in the L. donovani visceral murin model (Le Pape et al, 1999) , this derivative also exhibited effectiveness against L. mexicana, in spite of the shorttermed treatment and the infection which evolved for four weeks prior to drug administration. In a cautious effort to optimize in vivo antileishmanial activity, a longer time treatment could be of interest (20 days). It was previously reported by us that the furan-2-arylcarboxamide derivatives inhibit the inflammatory res ponse in rat experimental brain oedema through a phospholipase A, (PLA,) inhibition (Robert et al, 1992) . In this regard, it had been reported that an inflammatory response induced by traumatism, pro motes cutaneous metastasis in animals infected with L. panamensis (Travi et al, 1996) and that indomethacin, a powerful anti-inflammatory agent, inhibits vis ceral dissemination of L. major (De-Freitas et al, 1999) . Thus, it is thought that a similar phenomenon could have occurred in our experimental model through a host PLA, inhibition, in addition to a direct antiparasitic activity. The hypothesis concerning the PLA, involvement could be supported by the two fol lowing observations. Firstly, arachidonic acid libe rated by the PLA, action seems to be essential for the antibody-mediated phagocytosis in monocytes (Lennartz et al, 1997); therefore, remaining out of the host cell, this obligatory intracellular parasite could openly be exposed to cytotoxic factors. Secondly, the pro duction of host PGE 2 elicited by the parasite from free arachidonic acid, may drive a Th,-cell response which could increase the severity of the infection by a down regulation of T-cell function (Farell & Kirkpatrick, 1987) .
In conclusion, we showed that the furan-2-carboxamide reduced the parasite burden in L. mexicana BALB/c model. In the new serie of imidazolidinones, the N 3 -(2-bromobenzyl) and tolylsulfonyl derivatives constitute new promising compounds for further stu dies.
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